Introduction: Genu varum is a common paediatric knee deformity and seen as a physiological variation in the growth pattern. Rickets causes more pathological bowing if occurs during the phase of physiological bowing. Apart from vitamin D restoration, the role of orthosis in the correction of the genu varum due to rickets is not clear. This study is done to compare the effect of vitamin D restoration with and without orthosis in correction of the genu varum in nutritional rickets. Materials and methods: Sixty children with a bilateral genu varum were enrolled as per inclusion and exclusion criteria and divided into two equal groups. Group I received the Stoss therapy for vitamin D restoration with bilateral lateral single bar knee orthoses, and group II received the Stoss therapy only. The intercondylar distance and radiographic tibiofemoral angle were measured at the beginning and for three followup visits at 2 monthly intervals. Results: The intercondylar distance and tibiofemoral angle decreased significantly (p = <0.001) at subsequent followups in each group. The percentage change in the intercondylar distance and the tibiofemoral angle at the subsequent followup on comparison in both groups was statistically insignificant. Conclusion: Lateral single bar knee orthoses do not provide any additional benefit over vitamin D restoration by the Stoss therapy for the treatment of the genu varum in nutritional rickets.
IntroductIon
Genu varum and genu valgum are common pediatric deformities of the knee normally seen as physiological variation in the growth pattern. 1 , 2 As the child grows, there is physiological varus, which gradually becomes neutral after 18 months of age. 3 Persistence of the varus deformity at the knee beyond 2 years of age is pathological. 1 , 2 Rickets leads to more pathological bowing if occurs during the phase of the physiological bowing. With increasing varus angulation, the lateral thrust increases and it causes problems related to instability. Hence, chances of lateral epiphyseal growth retardation increase with a progressively increasing varus angulation. 3 Diagnosis and treatment of rickets is necessary for mineralization of the bone and to reduce the risk of chronic disease states and growth retardation.
Currently vitamin D supplementation in the form of vitamin D 3 along with calcium supplementation is given for treatment of rickets with monitoring the level of blood parameters such as serum calcium, phosphate, alkaline phosphatise, and vitamin D. 4 Various orthoses such as short leg corrective brace, single bar knee orthosis, and double bar orthosis is used for angular deformity around knee, which work on the principle of the three-point pressure system. 2 , 3 , 5 , 6 There are various vitamin D restorative strategies available for the treatment of rickets, and there are various orthotic designs for the treatment of angular deformity around the knee in children. There are very few studies done showing a correction of deformity in rickets with vitamin D restoration and use of orthosis in the correction of deformity. This study has been done to evaluate the effect of vitamin D restoration on the correction of deformity and to compare the effectiveness of orthosis along with vitamin D restoration on the correction of genu varum in nutritional rickets.
MAterIAls A n d Methods
This is a prospective and interventional randomised comparative study conducted at the Department of Physical Medicine and Rehabilitation from December 2015 to September 2017. The study was started after the approval of Institutional Ethics Committee and a subsequent approval by the Regional University of Health Sciences.
Children with the age of more than 2 years presenting to the outpatient department with a bilateral genu varum and clinical features of rickets were screened. The intercondylar distance in a standing position with the foot in neutral rotation and medial malleoli touching each other at the ankle was measured with a measuring tape. 7 The X-ray of the wrist joint AP view and an orthoscanogram of both lower limbs in standing with the patella facing forward was taken initially. Serum levels of calcium, phosphorus, alkaline phosphatise, and vitamin D were measured. The diagnosis was confirmed based on radiological and laboratory findings. Children diagnosed with nutritional rickets with a bilateral genu varum and parents who showed willingness to participate and followup were included in the study. Children with the age of more than 5 years, unilateral deformity, cause other than vitamin D deficiency rickets, already on treatments for rickets, congenital deformity, and already using orthotic support were excluded from the study. Totally, 60 children were enrolled in the study after obtaining written informed consent from their parents or their legal guardians.
The participants were divided into two groups equally by the Lottery method. Group I received the Stoss therapy for vitamin D restoration and bilateral lateral single bar knee orthosis. Group II received the Stoss therapy only. The regimen followed was 4 a single dose of 300,000 IU of intramuscular vitamin D 3 on the anterolateral aspect of the thigh, a calcium supplementation of 40 mg/kg/day after injection, and a maintenance dose of 1,000 IU of vitamin D 3 after 3 weeks. Orthosis is composed of one metallic lateral upright, one calf, and one thigh shell, knee pad, and non-elastic Velcro straps. All parents of children in group I were instructed regarding the correct method of application of orthosis and were asked to keep orthosis throughout the day as long as possible. Three followups with a 2-months interval were scheduled. The intercondylar distance and radiographic tibio-femoral angle were measured at each followup. The tibio-femoral angle is the angle formed by the mechanical axis of the femur with the tibia measured at the intersection of the line joining the head of femur to the centre of knee and the centre of knee to the centre of ankle. 8 , 9 After normalization of levels of serum alkaline phosphatase, recommended daily allowances of vitamin D and calcium were started. 4 observAtIons Categorical variables were presented in number and percentage (%), and continuous variables were presented as mean ± SD and median. The normality of data was tested by the Kolmogorov-Smirnov test. If the normality was rejected, then the nonparametric test was used. Quantitative variables were compared using the unpaired t test/Mann-Whitney test between the two groups. Qualitative variables were correlated using the Chi-square test/Fisher's exact test. A "p " value of <0.05 was considered statistically significant. The data were entered in an MS EXCEL spreadsheet and an analysis was done using Statistical Package for Social Sciences (SPSS), version 21.0.
results
During the followup, all participants showed complete compliance to the medical treatment given and group I participants to the use of orthosis. There were no dropouts or exclusions from the study. No adverse effects or complications were noted. The mean age of group I participants was 2.36 ± 0.49, and group II participants was 2.23 ± 0.41 years. A majority of participants in the both group were between 2 and 3 years of age, with 96.67% in each group. There were totally 26 females and 34 males. Group I had 19 male and 11 female participants, whereas group II had 15 male and 15 female participants, as shown in Table 1 .
On initial evaluation, the mean intercondylar distance for group I was 6.46 cm ranging from 3.5 to 8.7 cm and for group II was 6.05 cm ranging from 3.5 to 9 cm, the mean tibio-femoral angle of the right side for group I was 24.93° ranging from 16° to 40°, and for group II was 24° ranging from 12° to 36° and the mean tibio-femoral angle of the left side on the initial evaluation for group I was 23.43° ranging from 14° to 36° and for group II was 23.83° ranging from 14° to 40°, as shown in Table 2 . The levels of serum calcium, phosphate, alkaline phosphatise, and vitamin D on the initial evaluation are as shown in Table 2 .
At a successive followup at 2 monthly intervals, an improvement was observed in both groups (Fig. 1) . In group I and group II, we observed a decrease in the intercondylar distance from an initial mean of 6.46 ± 1.37 cm to 2.72 ± 1.05 cm and 6.05 ± 1.14 cm to 2.68 ± 0.99 cm, respectively, at the end of the third followup with a p value <0.0001. In group I and group II, we observed a decrease in the tibio-femoral angle of the right side from an initial mean of 24.93 ± 6 degree to 10.93 ± 4.3 degree and 24 ± 6.25 degree to 10.9 ± 4.16 degree, respectively, at the end of the third followup with a p value of <0.0001. In group I and group II we observed a decrease in the tibio-femoral angle of the left side from an initial mean of 23.43 ± 5.44 degree to 9.4 ± 4.05 degree and 23.83 ± 6.06 degree to 9.8 ± 3.73 degree, respectively, at the end of third followup with a p value of <0.0001. The decrease in the intercondylar distance and tibio-femoral angle in respective groups was statistically significant (Fig. 2) .
The treatment of the two groups was compared with the percentage change in the intercondylar distance and tibio-femoral angle at the subsequent followup. At the end of the third followup, participants in group I had 58.75% correction and group II had 56.79% correction in intercondylar distance. At the end of 3rd follow up, participants in group I had 56.74% correction and group II had 55.49% correction in the tibio-femoral angle of the right side. At the end of the third followup, participants in group I had 60.7% correction and group II had 59.38% correction in the tibio-femoral angle of the left side. The percentage change in the intercondylar distance and tibio-femoral angle at the subsequent followup was not statistically significant, as shown in Table 3 .
dIscussIon
Various vitamin D restoration regimen and formulations are available along with various orthoses for angular deformities of the lower limb in children. But there is no literature available showing an effective regimen for the correction of genu varum in nutritional rickets and comparing the effect of vitamin D restoration with or without orthosis. This study compares the effect of vitamin D restoration by the Stoss therapy in children with nutritional rickets and genu varum, with or without the use of lateral single bar knee orthosis.
The statistically significant changes in group I in subsequent follow ups as seen in Figure 2 shows an effective restorative strategy of vitamin D 3 along with the lateral single bar knee orthosis for the correction of the genu varum in rickets. This is supported by an effect of short leg corrective brace for varus deformity of the knee in young children with rickets with satisfactory results in 6 children with bowlegs. 6 The statistically significant changes in group II in subsequent followups as seen in Figure 2 show the effectiveness of the Stoss therapy alone for the correction of the genu varum in nutritional rickets. This is supported by Espandar et al., who recommended a medical treatment for the correction of a metabolic deformity such as rickets. 2 The effective treatment of group II participants questions the role orthosis in treatment of the genu varum in nutritional rickets.
Stoss therapy is a popular method for treating rickets. It consists of large oral or parenteral doses of vitamin D 3, which leads to increased and sustained levels of vitamin D 2 followed by the maintenance doses. Initial doses of 150,000-300,000 IU are effective without any side effects. In this study, the Stoss therapy has been used effectively and without any side effects, which is supported in review of the current guidelines on diagnosis and management of rickets. 4 Lateral single bar knee orthosis is also used in osteoarthritis of knee with the genu varum as an unloader brace, which acts on the knee through adduction moment. The custom made, off the self-brace with condylar pad exerts an external valgus force, which acts via the condylar pad, while the opposing counterforces arise from the supports proximal and distal to the knee joint through the thigh and calf shell. 10 Long-term evaluation is needed to comment on the unloading effect of the orthosis on the medial joint surface. Table 3 , the percentage change in the subsequent followups in the intercondylar distance and tibio-femoral angle in both groups were not statistically significant. These findings suggest that there was no difference in effect of the treatment offered in group I and group II in correction of the genu varum in nutritional rickets.
As shown in
There are no studies available showing a change or correction of deformity in nutritional rickets using parameters such as tibiofemoral angle and intercondylar distance. These parameters are used effectively in this study to assess the correction of the deformity. There is no similar study done in the past comparing the effect of vitamin D supplementation and orthosis and vitamin D supplementation only as treatment of the genu varum in rickets. Hence, similar studies of this type with different orthotic designs are required.
A short followup period, design of orthosis, and limited number of sample size are the limiting factors for the study. The progression or correction of the genu varum is affected by several factors and difficult to analyze statistically with limited assessing tools, as each knee is not a fully independent variable. This analysis was performed with the most appropriate options available. conclusIon Stoss therapy can be effectively used in correction of the genu varum in nutritional rickets with an evaluation using the intercondylar distance and tibio-femoral angle. Lateral single bar knee orthosis does not provide any additional benefit over vitamin D restoration by the Stoss therapy in correction of the genu varum in nutritional rickets.
Studies with a longer followup period, larger sample size with different age group, and different orthotic design may be useful. suMMAry Vitamin D restoration in the form of vitamin D 3 is the treatment of choice for nutritional rickets. Genu varum with nutritional rickets can be treated with vitamin D 3 restoration by the Stoss therapy effectively with no additional benefit of lateral single bar knee orthosis. Parameters such as tibiofemoral angle and intercondylar distance can be used to monitor the correction achieved. 
